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(54) DISK ARRAY SYSTEM 

(57)Abstract: 

PURPOSE: To provide the disk array system which 
shows an index for determin ing to what extent a copying 
processing is performed preferentially to an opera tor 
and performs optimum control according to the index 
when a disk restoring processing is performed. 
CONSTITUTION: A monitor part 235 measures an 
input/output request arrival rate, a mean response time, 
and a disk restoration time and records them as a 
monitor result 236. At the time of start of disk restoration 
or during the disk restoration, an index prediction part 
236 predicts a disk restoration time, a mean response 
time, and a mean performance maintaining time by using 
a current input/output arrival rate and the monitor result 
236, and shows it to the operator as reference at the 
time of designating of a copying speed and also automatically performs optimum control on 
the basis of it to carry out the copying process. Consequently, the disk restoring processing 
from a viewpoint of both reliability and on-line processing performance can be performed. 
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♦NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] When it consists of a host computer and a disk controller which are characterized by 
providing the following, and two or more disk drives, data is distributed and recorded on two or more 
disk drives and one or more sets of disk drives break down, Data holding a broken disk is restored based 
on data in a normal disk drive. A disk array system which performs restoration processing to said failure 
while continuing on-line processing by performing copy processing written in a disk drive fixed and 
exchanged or a disk drive of a spare at copy speed specified as an operator A monitor means to measure 
an input/output request arrival rate from a host computer, the disk release time to the completion of copy 
processing, copy speed, and an average input/output request arrival rate under disk restoration 
processing, and to record them as a monitor result An index presumption means to ask for copy speed 
when assuming that an input/output request arrival rate in this time was maintained, and relation of the 
disk release time based on said monitor result, and to output it to it as a presumed result A service means 
to display said presumed result as an index for copy speed assignment, and to make an operator specify 
copy speed 

[Claim 2] When it consists of a host computer and a disk controller which are characterized by 
providing the following, and two or more disk drives, data is distributed and recorded on two or more 
disk drives and one or more sets of disk drives break down, Data holding a broken disk is restored based 
on data in a normal disk drive. A disk array system which performs restoration processing to said failure 
while continuing on-line processing by performing copy processing written in a disk drive fixed and 
exchanged or a disk drive of a spare at copy speed specified as an operator A monitor means to measure 
an input/output request arrival rate from a host computer, the disk release time to the completion of copy 
processing, copy speed, and an average input/output request arrival rate under disk restoration 
processing, and to record them as a monitor result An index presumption means to find the disk release 
time when assuming that an input/output request arrival rate in this time was maintained based on copy 
speed specified as an operator, and said monitor result, and to output it to it as a presumed result A 
service means to display said presumed result 

[Claim 3] When it consists of a host computer, a disk controller, and two or more disk drives, data is 
distributed and recorded on two or more disk drives and one or more sets of disk drives break down, 
Data holding a broken disk is restored based on data in a normal disk drive. By performing copy 
processing written in a disk drive fixed and exchanged or a disk drive of a spare at copy speed specified 
as an operator In a disk array system which performs restoration processing to said failure while 
continuing on-line processing An input/output request arrival rate from a host ComputerLand the disk 
release time to the completion of copy processing, A monitor means to measure copy speed and an 
average input/output request arrival rate under disk restoration processing, and to record them as a 
monitor result, When it assumes that an input/output request arrival rate in this time was maintained 
based on said monitor result It asks for ** copy speed and relation of the disk release time. Further 
based on the disk release time, a failure rate of one set of a disk drive, and a rate of repair exchange by 
failure of two or more sets of disk units An index presumption means to calculate a mean time MTTDL 
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until data restoring becomes impossible, and to output it as a presumed result, A disk array system 
characterized by providing a service means to display said presumed result as an index for copy speed 
assignment, and to make an operator specify copy speed. 

[Claim 4] When it consists of a host computer and a disk controller which are characterized by 
providing the following, and two or more disk drives, data is distributed and recorded on two or more 
disk drives and one or more sets of disk drives break down, Data holding a broken disk is restored based 
on data in a normal disk drive. A disk array system which performs restoration processing to said failure 
while continuing on-line processing by performing copy processing written in a disk drive fixed and 
exchanged or a disk drive of a spare at copy speed specified as an operator A monitor means to measure 
an input/output request arrival rate from a host computer, an average response time to the completion of 
processing of input/output request from a host computer of a under [ disk restoration processing ], copy 
speed, and an average input/output request arrival rate under disk restoration processing, and to record 
them, as a monitor result An index presumption means to ask for copy speed when assuming that an 
input/output request arrival rate in this time was maintained, and relation of an average response time 
based on said monitor result, and to output it to it as a presumed result A service means to display said 
presumed result as an index for copy speed assignment, and to make an operator specify copy speed 
[Claim 5] When it consists of a host computer, a disk controller, and two or more disk drives, data is 
distributed and recorded on two or more disk drives and one or more sets of disk drives break down, 
Data holding a broken disk is restored based on data in a normal disk drive. By performing copy 
processing written in a disk drive fixed and exchanged or a disk drive of a spare at copy speed specified 
as an operator In a disk array system which performs restoration processing to said failure while 
continuing on-line processing An input/output request arrival rate from a host computer, and the 
response time to the completion of processing of input/output request from a host computer, A monitor 
means to measure the disk release time to the completion of copy processing, copy speed, and an 
average input/output request arrival rate under disk restoration processing, and to record them as a 
monitor result, WTien it assumes that an input/output request arrival rate in this time was maintained 
based on said monitor result When it assumes that an input/output request arrival rate in this time was 
maintained based on the aim response time which asked for ** copy speed and relation of the disk 
release time, and was specified as an operator, and said monitor result The response time to **** copy 
speed A condition classification which presumes, makes an engine-performance maintenance condition 
when the response time is smaller than the aim response time, and is made into a performance 
degradation condition when large is performed. Based on said disk release time, a failure rate of one set 
of a disk drive, a rate of repair exchange, and said condition classification by failure of two or more sets 
of disk drives Average engine-performance maintenance time amount which will function in the state of 
said engine-performance maintenance by the time data restoring becomes impossible is calculated. A 
disk array system characterized by providing an index presumption means to output it as a presumed 
result, and a service means to display said presumed result as an index for copy speed assignment, and 
to make an operator specify copy speed. 

[Claim 6] In a disk array system according to claim 5 from claim 1 a monitor means A copy processing 
activation condition is checked and it records on a monitor result. An index presumption means During 
copy processing activation, residual time which disk restoration takes based on said monitor result is 
presumed, and it records on a presumed result. A service means During copy processing activation, 
display said presumed result as an index for copy speed modification directions, and an operator is made 
to do the modification directions of the copy speed. Furthermore, a disk array system characterized by 
providing a copy processing means to change copy speed and to perform copy processing when there are 
copy speed modification directions from a copy processing operator. 

[Claim 7] From claim 1 characterized by providing the following to a disk array system according to 
claim 5 A monitor means checks a copy processing activation condition, and records it on a monitor 
result. A service means From an operator the aim response time to reception and a pan During copy 
processing activation, said monitor result and said aim response time When an average response time is 
larger than the aim response time, when an average response time is smaller than the aim response time, 
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change copy speed more greatly, or change frequency of copy activation more highly, change copy 
speed into a basis more smallish, or or frequency of copy activation A copy adjustment means to change 
lowness A copy processing means to change copy conditions and to perform copy processing when 
there is modification of copy conditions by the copy adjustment means 

[Claim 8] A disk array system characterized by starting actuation for copy processing of each means, 
without waiting for directions of an operator when it has a disk drive of a spare and an aim speed of 
response and copy speed at the time of copy initiation are beforehand given in a disk array system 
according to claim 7. 

[Claim 9] When it consists of a host computer, a disk controller, and two or more disk drives, data is 
distributed and recorded on two or more disk drives and one or more sets of disk drives break down, 
Data holding a broken disk is restored based on data in a normal disk drive. Copy processing written in a 
disk drive fixed and exchanged or a disk drive of a spare by performing at a predetermined copy speed 
In a disk array system which performs restoration processing to said failure while continuing on-line 
processing An input/output request arrival rate from a host computer, and the response time to the 
completion of processing of input/output request from a host computer, A monitor means to measure the 
disk release time to the completion of copy processing, copy speed, and an average input/output request 
arrival rate under disk restoration processing, and to record them as a monitor result, When it assumes 
that an input/output request arrival rate in this time was maintained based on said monitor result When it 
assumes that an input/output request arrival rate in this time was maintained based on the aim response 
time which asked for ** copy speed and relation of the disk release time, and was specified as an 
operator, and said monitor result The response time to **** copy speed It presumes. A condition 
classification which makes an engine-performance maintenance condition when the average response 
time is smaller than the aim response time, and is made into a performance degradation condition when 
large is performed. Based on said disk release time, a failure rate of one set of a disk drive, a rate of 
repair exchange, and said condition classification by failure of two or more sets of disk drives Average 
engine-performance maintenance time amount which will function in the state of said engine- 
performance maintenance by the time data restoring becomes impossible is calculated. An index 
presumption means to output it as a presumed result, and a copy adjustment means to set up copy speed 
from which average engine-performance maintenance time amount serves as max with reference to said 
presumed result, A disk array system characterized by providing a copy processing means to start copy 
processing with copy speed set up by the copy adjustment means. 

[Claim 10] In a disk array system according to claim 9 a monitor means While measuring the response 
time, elapsed time from the number of trucks and copy initiation which ended a copy is measured, and it 
is set as a monitor result. An index presumption means Average engine-performance maintenance time 
amount over each copy speed is re-presumed based on the aim response time specified by operator 
during copy processing activation, and a monitor result, and it is set as a presumed result. A copy 
adjustment means It is the disk array system which changes into copy speed from which average engine- 
performance maintenance time amount serves as max with reference to said presumed result a suitable 
period, and is characterized by changing into the copy speed and performing copy processing when a 
copy means has modification of copy speed with said copy adjustment means. 
[Claim 1 1] A disk array system characterized by starting actuation for copy processing of each means, 
without waiting for directions of an operator when it has a disk drive of a spare and an aim speed of 
response is beforehand given in a disk array system according to claim 9 or 10. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the disk array system which can perform suitably disk 
restoration processing when a disk drive breaks down in more detail about a disk array system. 
[0002] 

[Description of the Prior Art] When it distributes to two or more disk drives, a disk array system records 
data and one or more sets of disk drives break down, The data holding the broken disk drive is restored 
based on the data in a normal disk drive. About the copy processing written in the disk drive fixed and 
exchanged or the disk drive of a spare, it is the system which enabled it to perform restoration 
processing to said failure a number truck every, continuing on-line processing by carrying out. Such a 
disk array system is indicated by commercial production **** disk array (1992.3.9; 87-98 pages of 
Nikkei computers)" towards "spread, 
[0003] 

[Problem(s) to be Solved by the Invention] In a disk array system, if the priority of copy processing is 
raised, since the time amount which has stopped at the condition that some disk drives are out of order 
will become short, the probability which lapses into the condition that a data reload becomes impossible 
according to a multiplex failure falls. That is, reliability improves. On the other hand, since on-line 
processing becomes whether to be a non-dense only in the part, the on-line-processing engine 
performance falls. That is, although on-line processing and copy processing are performed to 
juxtaposition in a disk array system, it is difficult to determine whether to give priority to copy 
processing how much compared with on-line processing, and to perform it. However, the technology 
about the priority of copy processing is not indicated conventionally. 

[0004] It is in offering the disk array system which the index for determining to copy processings [ how 
many ] priority should be given in case disk restoration processing is performed is calculated , an 
operator is shown , or the place made into the purpose performs [ this invention was made in view of 
such a situation , ] optimal control based on it , and performs suitable disk restoration processing from a 
viewpoint of both reliability and the on-line processing engine performance . 
[0005] 

[Means for Solving the Problem] In the 1st viewpoint, this invention An input/output request arrival rate 
from a host computer, A monitor means to measure the disk release time to the completion of copy 
processing, copy speed, and an average input/output request arrival rate under disk restoration 
processing, and to record them as a monitor result, An index presumption means to ask for copy speed 
when assuming that an input/output request arrival rate in this time was maintained, and relation of the 
disk release time based on said monitor result, and to output it to it as a presumed result, Said presumed 
result is displayed as an index for copy speed assignment, and a disk array system characterized by 
providing a service means to make an operator specify copy speed is offered. 

[0006] In the 2nd viewpoint, this invention An input/output request arrival rate from a host computer, A 
monitor means to measure the disk release time to the completion of copy processing, copy speed, and 
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an average input/output request arrival rate under disk restoration processing, and to record them as a 
monitor result, An index presumption means to find the disk release time when assuming that an 
input/output request arrival rate in this time was maintained based on copy speed specified as an 
operator, and said monitor result, and to output it to it as a presumed result, A disk array system 
characterized by providing a service means to display said presumed result is offered. 
[0007] In the 3rd viewpoint, this invention An input/output request arrival rate from a host computer, A 
monitor means to measure the disk release time to the completion of copy processing, copy speed, and 
an average input/output request arrival rate under disk restoration processing, and to record them as a 
monitor result, When it assumes that an input/output request arrival rate in this time was maintained 
based on said monitor result It asks for ** copy speed and relation of the disk release time. Further 
based on the disk release time, a failure rate of one set of a disk drive, and a rate of repair exchange by 
failure of two or more sets of disk units An index presumption means to calculate the mean time 
MTTDL until data restoring becomes impossible, and to output it as a presumed result, Said presumed 
result is displayed as an index for copy speed assignment, and a disk array system characterized by 
providing a service means to make an operator specify copy speed is offered. 

[0008] In the 4th viewpoint, this invention An input/output request arrival rate from a host computer, An 
average response time to the completion of processing of input/output request from a host computer of a 
under [ disk restoration processing ], A monitor means to measure copy speed and an average 
input/output request arrival rate under disk restoration processing, and to record them as a monitor 
result, An index presumption means to ask for copy speed when assuming that an input/output request 
arrival rate in this time was maintained, and relation of an average response time based on said monitor 
result, and to output it to it as a presumed result, Said presumed result is displayed as an index for copy 
speed assignment, and a disk array system characterized by providing a service means to make an 
operator specify copy speed is offered. 

[0009] In the 5th viewpoint, this invention An input/output request arrival rate from a host computer, 
The response time to the completion of processing of input/output request from a host computer, A 
monitor means to measure the disk release time to the completion of copy processing, copy speed, and 
an average input/output request arrival rate under disk restoration processing, and to record them as a 
monitor result, When it assumes that an input/output request arrival rate in this time was maintained 
based on said monitor result When it assumes that an input/output request arrival rate in this time was 
maintained based on the aim response time which asked for ** copy speed and relation of the disk 
release time, and was specified as an operator, and said monitor result The response time to **** copy 
speed A condition classification which presumes, makes an engine-performance maintenance condition 
when the response time is smaller than the aim response time, and is made into a performance 
degradation condition when large is performed. Based on said disk release time, a failure rate of one set 
of a disk drive, a rate of repair exchange, and said condition classification by failure of two or more sets 
of disk drives Average engine-performance maintenance time amount which will function in the state of 
said engine-performance maintenance by the time data restoring becomes impossible is calculated. A 
disk array system characterized by providing an index presumption means to output it as a presumed 
result, and a service means to display said presumed result as an index for copy speed assignment, and 
to make an operator specify copy speed is offered. 

[0010] In the 6th viewpoint, this invention is set to a disk array system of the above-mentioned 
configuration. A monitor means A copy processing activation condition is checked and it records on a 
monitor result. An index presumption means During copy processing activation, residual time which 
disk restoration takes based on said monitor result is presumed, and it records on a presumed result. A 
service means During copy processing activation, display said presumed result as an index for copy 
speed modification directions, and an operator is made to do the modification directions of the copy 
speed. Furthermore, when there are copy speed modification directions from a copy processing operator, 
a disk array system characterized by providing a copy processing means to change copy speed and to 
perform copy processing is offered. 

[001 1] In the 7th viewpoint, this invention is set to a disk array system of the above-mentioned 
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configuration. A monitor means A copy processing activation condition is checked and it records on a 
monitor result. A service means From an operator the aim response time to reception and a pan During 
copy processing activation, said monitor result and said aim response time When an average response 
time is larger than the aim response time, when an average response time is smaller than the aim 
response time, change copy speed more greatly, or change frequency of copy activation more highly, 
change copy speed into a basis more smallish, or or frequency of copy activation A disk array system 
characterized by providing a copy adjustment means to change lowness, and a copy processing means to 
change copy conditions and to perform copy processing when there is modification of copy conditions 
by the copy adjustment means is offered. 

[0012] In the 8th viewpoint, in a disk array system by the 7th viewpoint of the above, this invention 
offers a disk array system characterized by starting actuation for copy processing of each means, without 
waiting for directions of an operator, when it has a disk drive of a spare and the aim response time and 
copy speed at the time of copy initiation are given beforehand. 

[0013] In the 9th viewpoint, this invention An input/output request arrival rate from a host computer, 
The response time to the completion of processing of input/output request from a host computer, A 
monitor means to measure the disk release time to the completion of copy processing, copy speed, and 
an average input/output request arrival rate under disk restoration processing, and to record them as a 
monitor result, When it assumes that an input/output request arrival rate in this time was maintained 
based on said monitor result When it assumes that an input/output request arrival rate in this time was 
maintained based on the aim response time which asked for ** copy speed and relation of the disk 
release time, and was specified as an operator, and said monitor result The response time to **** copy 
speed It presumes. A condition classification which makes an engine-performance maintenance 
condition when the average response time is smaller than the aim response time, and is made into a 
performance degradation condition when large is performed. Based on said disk release time, a failure 
rate of one set of a disk drive, a rate of repair exchange, and said condition classification by failure of 
two or more sets of disk drives Average engine-performance maintenance time amount which will 
function in the state of said engine-performance maintenance by the time data restoring becomes 
impossible is calculated. An index presumption means to output it as a presumed result, and a copy 
adjustment means to set up copy speed from which average engine-performance maintenance time 
amount serves as max with reference to said presumed result, A disk array system characterized by 
providing a copy processing means to start copy processing with copy speed set up by the copy 
adjustment means is offered. 

[0014} In a disk array system according [ this invention ] to the 9th viewpoint of the above at the 10th 
viewpoint a monitor means While measuring the response time, elapsed time from the number of trucks 
and copy initiation which ended a copy is measured, and it is set as a monitor result. An index 
presumption means Average engine-performance maintenance time amount over each copy speed is re- 
presumed based on the aim response time specified by operator during copy processing activation, and a 
monitor result, and it is set as a presumed result. A copy adjustment means It changes into copy speed 
from which average engine-performance maintenance time amount serves as max with reference to said 
presumed result a suitable period, and a copy means provides a disk array system characterized by 
changing into the copy speed and performing copy processing, when there is modification of copy speed 
with said copy adjustment means. 

[001 5] In the 1 1th viewpoint, in a disk array system by the 9th viewpoint of the above, or the 10th 
viewpoint, this invention offers a disk array system characterized by starting actuation for copy 
processing of each means, without waiting for directions of an operator, when it has a disk drive of a 
spare and an aim speed of response is given beforehand. 
[0016] 

[Function] In the disk array system of this invention by the 1st viewpoint of the above, the copy speed 
when assuming that the input/output request arrival rate in this time was maintained as an index for 
determining to copy processings [ how many ] priority should be given and the relation of the disk 
release time are shown to an operator. Then, an operator can specify copy speed which serves as the 
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suitable disk release time from a viewpoint of both reliability and the on-line-processing engine 
performance. 

[0017] In the disk array system of this invention by the 2nd viewpoint of the above, copy processing is 
carried out at the copy speed specified as the operator, and the disk release time when assuming that the 
input/output request arrival rate in this time was maintained is shown to an operator. Then, an operator 
can check whether copy speed which serves as the suitable disk release time from a viewpoint of both 
reliability and the on-line-processing engine performance has been specified. 
[0018] In the disk array system of this invention by the 3rd viewpoint of the above, the mean time 
MTTDL until data restoring becomes impossible as an index for determining to copy processings [ how 
many ] priority should be given is shown to an operator. Then, an operator can specify copy speed 
which serves as the suitable disk release time from a viewpoint of both reliability and the on-line- 
processing engine performance. 

[0019] In the disk array system of this invention by the 4th viewpoint of the above, the copy speed when 
assuming that the input/output request arrival rate in this time was maintained as an index for 
determining to copy processings [ how many ] priority should be given and the relation of an average 
response time are shown to an operator. Then, an operator can specify copy speed which serves as a 
suitable average response time from a viewpoint of both reliability and the on-line-processing engine 
performance. 

[0020] When calling the total time amount which will function in the state of said engine-performance- 
maintenance by the time it becomes impossible an engine-performance maintenance condition, a call, 
and to data restore about the case where the response time to each copy speed is smaller than the aim 
response time average engine-performance maintenance time amount, in the disk array system of this 
invention by the 5th viewpoint of the above, an operator shows as an index for determining whether to 
copy processings [ how many ] to give priority for the average engine-performance maintenance time 
amount. Then, an operator can specify copy speed which serves as suitable average engine-performance 
maintenance time amount from a viewpoint of both reliability and the on-line-processing engine 
performance. 

[0021] By the disk array system of this invention by the 6th viewpoint of the above, the residual time 
which disk restoration takes is presumed during copy processing activation, it is shown to an operator, 
the modification directions of the copy speed are carried out, and copy processing is continued at the 
copy speed which the copy processing operator changed. Then, when an input/output request arrival rate 
is changed during copy processing activation, it can respond. 

[0022] In the disk array system of this invention by the 7th viewpoint of the above, the automatic 
regulation of copy speed or the frequency of copy activation is carried out so that an average response 
time may be in agreement during copy processing activation at the aim response time. Then, when an 
input/output request arrival rate is changed during copy processing activation, it can respond. 
[0023] By the disk array system of this invention by the 8th viewpoint of the above, when it has the disk 
drive of a spare, the actuation for copy processing of each means is started at the copy speed at the time 
of the copy initiation given beforehand, without waiting for directions of an operator. Then, directions of 
an operator become unnecessary and maintenance can be automated. 

[0024] In the disk array system of this invention by the 9th viewpoint of the above, copy speed is set 
automatically and copy processing is started so that average engine-performance maintenance time 
amount may become max. Then, directions of an operator become unnecessary. In the disk array system 
of this invention by the 10th viewpoint of the above, during copy processing activation, the automatic 
regulation of the copy speed is carried out so that average engine-performance maintenance time amount 
may become max. Then, when an input/output request arrival rate is changed during copy processing 
activation, it can respond. By the disk array system of this invention by the 1 1th viewpoint of the above, 
when it has the disk drive of a spare, the actuation for copy processing of each means is started at the 
copy speed at the time of the copy initiation given beforehand, without waiting for directions of an 
operator. Then, directions of an operator become unnecessary and maintenance can be automated. 
[0025] 
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[Example] Hereafter, a drawing explains the example of this invention to details. In addition, thereby, 
this invention is not limited. Drawing 1 is the block diagram of the hardware configuration common to 
the disk array system applied to the 9th example from the 1st example mentioned later. This disk array 
system 100 consists of a host computer 1, a disk controller 2, disk drives 31-34, a service processor 4, 
and a console 5. In this example, data shall be distributed and written in three of four sets of disk drives 
31-34, and an error correction code shall be written in the one remaining sets. However, in this 
invention, there is no constraint in the number of a disk drive, m sets of disk drives are prepared, and it 
is good as a drive for error corrections in n of sets [ them ] (natural number of arbitration with which m 
and n fill m>n>=l). The disk controller 2 consists of a channel 21, buffer memory 22, control processors 
25 and 26, local memories 27 and 28, and a common memory 29. As for the 9th example, software 
configurations, i.e., a function, differ from the 1st example, respectively. Next, the 9th example is 
explained in order from the 1st example. 

[0026] - 1st example- drawing 2 is the block diagram of disk array system 100A concerning the 1st 
example of this invention. A disk controller 2 has a channel 21 and buffer memory 22. The data transfer 
ways PI, P2, and P3 are between buffer memory 22 and disk drives 31-34 between a channel 21 and 
buffer memory 22 between a host computer 1 and a channel 21 , respectively. 
[0027] It is square and surrounded each part 231-237 in a disk controller 2 expresses the function 
realized by the micro program of control processors 25 and 26. In addition, one control processor may 
be assigned for every function, and all functions may be given only to one control processor. Moreover, 
each information 241-249 surrounded with the ellipse in a disk controller 2 is information which 
delivers between each above-mentioned function. The information which delivers between the functions 
currently assigned to different control processors 25 and 26 among such information is placed into the 
common memory 29 which each control processors 25 and 26 can refer to and update. Moreover, the 
information which delivers between the fiinctioris currently assigned io the same control processor is put 
on the local memories 27 or 28 of the control processor. 

[0028] When a host computer 1 publishes input/output request (a data read-out instruction / data write-in 
instruction) to disk drives 31-34 through a channel 21, the input/output request acceptance section 231 
detects it, and registers it into the waiting queue 241 for radial transfer. 

[0029] The radial transfer section 232 processes the input/output request registered into the head of the 
waiting queue 241 for radial transfer, when the right 242 of radial transfer activation is granted from the 
dispatch control section 234. If three sets of the disk drives which store data are normal when 
input/output request is a data read-out instruction, three sets of the disk drives will be accessed, and data 
will be read. And if one set is out of order, after restoring the data which reads data and the code for 
error corrections from remaining three sets, and is stored in the broken disk drive, it transmits to a host 
computer 1 via buffer memory 22. When input/output request is a data write-in instruction, while 
dividing data into three, the code for error corrections is created and each is written in a normal disk 
drive via buffer memory 22. 

[0030] The copy processing section 233 performs copy processing, after fixing and exchanging them, 
when one of four sets of disk drives breaks down. Flow drawing of copy processing is shown in drawing 
3 . First, a loop is carried out until it receives the copy initiation directions 244 from the service- 
processor communications department 237 (step 1000). If the copy initiation directions 244 are received, 
the copy control information 245 which consists of the disk drive number for restoration and the number 
of trucks (it is hereafter called copy speed.) treated by one copy processing will be read (step 1010). 
Next, the track number which performs copy processing is initialized (step 1020), and a loop is carried 
out until the right 243 of copy processing activation is granted from the dispatch control section 234 
(step 1030). 

[003 1] If the right 243 of copy processing activation is granted, the track number of the head which will 
perform copy processing from now on will be read (step 1040). Next, data is read from three sets of 
normal disk drives, and it stores in buffer memory 22 (step 1050). The trucks which read data are a 
number of trucks which began from the above-mentioned track number and were directed at the above- 
mentioned copy speed. 
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[0032] Next, from the data read to buffer memory 22, the data of the disk drive for restoration is restored 
and it stores in buffer memory 22 (step 1060). And the restored data is transmitted to the disk drive for 
restoration from buffer memory 22 (step 1070). 

[0033] Next, the head track number of a next copy processing object is updated (step 1080). Finally it 
judges whether disk restoration processing was completed (step 1090), and if it has not completed, it 
returns to said step 1030. If it completes, the completion of copy processing will be set as the copy 
activation condition 246 (step 1 100), and it will return to said step 1000. In addition, the radial transfer 
section 232 resets the right 242 of radial transfer activation, after detecting the right 242 of radial 
transfer activation. Moreover, the copy processing section 233 resets the right 243 of copy processing 
activation, after detecting the right 243 of copy processing activation. 

[0034] The dispatch control section 234 is suitable schedule processing, and grants the right 242 of 
radial transfer activation to the radial transfer section 232. Moreover, the right of copy processing 
activation is granted to the copy processing section 233. Flow drawing of schedule processing is shown 
in drawing 4 . This schedule processing usually sets up the right 242 of radial transfer activation, and 
sets up the right of copy processing activation for every fixed period. First, the right 242 of radial 
transfer activation is set up until it receives the copy initiation directions 244 from the service-processor 
communications department 237 (steps 2000 and 2010). 

[0035] If the copy initiation directions 244 are received from the service-processor communications 
department 237, a timer will be reset zero times (step 2020). And if a timer is checked and it has not 
gone through the predetermined setup time (for example, 50ms), the right 242 of radial transfer 
activation is set up (steps 2030 and 2040). If the predetermined setup time passes, the right 243 of copy 
processing activation will be set up (step 2050). 

[0036] And if the completion of copy processing is not set as the copy activation condition 246 and it is 
returned and set as said step 2020, it will return to said step 2000 (step 2060). In addition, in setting 
processing (steps 2010, 2040, and 2050) of each right 242,243 of processing activation, a loop is carried 
out on that spot until the right of processing activation set as last time is reset. 
[0037] Close always checks the coming input/output request from a host computer 1 to a channel 21, 
and the monitor section 235 measures an input/output request arrival rate. And the input/output request 
arrival rate is recorded on the monitor result 247. Moreover, the disk release time after the copy 
initiation directions 244 are set up until the completion of copy processing is set as the copy activation 
condition 246, copy speed, and the average input/output request arrival rate under disk restoration 
processing are recorded on the monitor result 247. Whenever disk restoration processing is performed, 
the monitor of these disk release time, copy speed, and the average input/output request arrival rate is 
carried out, statistics processing is carried out and relation as shown in drawing 5 is obtained. 
[0038] From the service-processor communications department 237, the index presumption section 236 
reads the input/output, request arrival rate in the time for the presumed directions 248 from the monitor 
result 247 at the. time of a carrier beam, asks for the copy speed when assuming that the input/output 
request arrival rate was maintained, and the relation of the disk release time from the relation of drawing 
5 , and sets the result as the presumed result 249. The copy speed in a certain input/output request arrival 
rate and the relation of the disk release time come to be shown in drawing 6 . 

[0039] The service-processor communications department 237 has the following three functions. If the 
presumed directions 248 of the disk release time are set as it and the presumed result 249 is set as it 
when disk restoration processing initiation is directed in the first place from a service processor 4, it will 
be notified to a service processor 4. Carrier beams, and the copy initiation directions 244 and the copy 
control information 245 are set [ second ] up for assignment of copy control information (the disk drive 
for restoration, copy speed) from a service processor 4. If the completion of copy processing is set as the 
copy activation condition 246 by the third, the completion of disk restoration processing will be notified 
to a service processor 4. 

[0040] A service processor 4 displays the information sent from the disk controller 2 on console 
equipment 5 while telling the directions which the operator inputted through console equipment 5 to a 
disk controller 2. 
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[0041] Drawing 7 is the sequence diagram of disk restoration processing in which each above- 
mentioned function was used. This is notified to a disk controller 2 that a service processor 4 receives 
disk restoration directions from an operator (step 3010). (step 3000) 

[0042] On the other hand, with a disk controller 2, after presuming the disk release time over each copy 
speed in the index presumption section 236 (step 3020), it is reported to a service processor 4 (step 
3030). In a service processor 4, the presumed result of the disk release time over each copy speed is 
displayed on console equipment 5 (step 3040). And an operator's assignment of a desired copy speed 
notifies it to a disk controller 2 (step 3050). 

[0043] In a disk controller 2, the copy processing section 233 performs copy processing according to the 
notified copy speed (step 3060). Disk restoration processing termination is reported to a service 
processor 4 after the completion of copy processing (step 3070). A service processor 4 displays the 
message of the completion of copy processing on console equipment 5, and tells an operator about it 
(step 3080). 

[0044] In addition, when copy speed is specified at the same time an operator directs disk restoration 
processing, the index presumption section 236 sets the estimate of the disk release time over the 
specified copy speed as the presumed result 249. 

[0045] Since according to the above example [ 1st ] the estimate of the disk release time over each copy 
speed is displayed when an operator directs disk restoration processing, it is effective in it becoming 
easy to form a disk restoration work plan that an operator can specify copy speed in consideration of the 
probability for the 2nd set of disk drives to break down, for example etc. In addition, the function of the 
index presumption section 236 or the monitor section 235 may be moved to a service processor 4 or a 
host computer 1, or the measuring machine of the dedication which has the function of the monitor 
section 235 may be formed. 

[0046] - Although the disk release time was presumed and displayed in the 2nd example- 1st example, 
presume and display a mean time until a data reload becomes impossible by failure of two or more sets 
of disk drives (them are two sets in the case of this example) in the 2nd example. This is realized by 
changing the function of the index presumption section 236 of drawing 2 as follows. In the index 
presumption section 236, the state transition diagram of a disk array system is analyzed. The state 
transition diagram in the case of this example becomes like drawing 8 . That is, it has the following four 
conditions and six transition. 

A condition SO Four sets of disk drives during operation normally : A condition SI One set of a disk 
drive is breaking down. During operation normally [ the remainder ] by three sets : A condition S2 : It is 
[ 1 set disk drive's restoration processing ] under activation, and is a condition S3 during operation 
normally [ at least the three remaining sets ]. : By failure of two sets of disk drives, a data reload is 
impossible (system down). 

Transition One of four sets of disk drives : Failure transition (SO, SI) : (SI, S2) The broken disk drive 
Repair / exchange transition (S2, SO) : - completion transition of disk drive restoration processing (S2, 
SI): - the disk drive for restoration - failure transition (SI, S3): - one of three sets of normal disk 
drives - failure transition (S2, S3): — one of three sets of normal disk drives by failure drawing 8 The 
label on each transition expresses a transition rate, lambda expresses the failure rate of one set of a disk 
drive, mu expresses the rate of repair exchange of one set of a disk drive. T expresses the disk release 
time. The value of a failure rate lambda and the rate mu of repair exchange is beforehand given to the 
system. An assumption of that these follow exponential distribution forms the following differential 
equation by the theory of Markov process. In addition, Pi (t) is probability which exists in Condition Si 
in time of day t. 
[0047] 
[Equation 1] 
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[0048] In the index presumption section 236, from the service-processor communications department 
237, the input/output request arrival rate in the time is read for the presumed directions 248 from the 
monitor result 247 at the time of a carrier beam, and the disk release time over each copy speed when 
assuming that the input/output request arrival rate was maintained is found from the relation of drawing 
5 , Next, the value of lambda, mu, and T is assigned above (several 1), and a differential equation is 
solved. And mean time MTTDL until a data reload becomes impossible (Mean Time To Data Lost) It 
asks by the degree type and each copy speed and the relation of a mean time MTTDL which were 
obtained are set as the presumed result 249. 
[0049] 
[Equation 2] 

MTTDL=j"P 3 (t)dt (&2) 

[0050] Each copy speed and the relation of a mean time MTTDL are displayed on console equipment 5 
like the 1st example. 

[0051] Since according to the above example [ 2nd ] the estimate of a mean-time MTTDL value until 
the data reload to each copy speed becomes impossible is displayed when an operator directs disk 
restoration processing, it is effective in it becoming easy to form a disk restoration work plan that an 
operator can specify copy speed in consideration of it etc. 

[0052] - Although the estimate of the disk release time was displayed and the estimate of a mean-time 
MTTDL value until a data reload becomes impossible was displayed in the 2nd example in the 3rd 
example- 1st example, presume and display the response time after receiving a demand until it finishes 
processing in the 3rd example. The configuration of the 3rd example is the same as the 1st example and 
the 2nd example except the function of the monitor section 235 and the index presumption section 236. 
[0053] In the monitor section 235, the monitor of the signal which passes along a channel 21 is always 
carried out, and the input/output request from a host computer 1 and the processing termination report 
which the radial transfer section 232 performs to a host computer 1 are checked. And an input/output 
request arrival rate and the response time after receiving a demand until it finishes processing are 
measured. The input/output request arrival rate and the response time which were measured are recorded 
on the monitor result 247. Furthermore, in the monitor section 235, an average input/output request 
arrival rate and an average response time are recorded at every one disk restoration processing together 
with the copy speed at that time at the monitor result 247. Statistics processing of copy speed, an 
average input/output request arrival rate, and the average response time is carried out, and relation as 
shown in drawing 9 is obtained. 

[0054] From the service-processor communications department 237, the index presumption section 236 
reads the input/output request arrival rate in the time for the presumed directions 248 of an average 
response time from the monitor result 247 at the time of a carrier beam, and asks for the relation 
between the copy speed when assuming that the input/output request arrival rate was maintained, and an 
average response time. And the result is set as the presumed result 249. The copy speed in a certain 
input/output request arrival rate and the relation of an average response time come to be shown in 
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drawing 10 . 

[0055] Since according to the above example [ 3rd ] the estimate of the response time to each copy 
speed is displayed when an operator directs disk restoration processing, in consideration of the on-line- 
processing engine performance under disk restoration processing, an operator can specify copy speed, 
and it is effective in becoming easy to form a disk restoration work plan. 

[0056] - The disk release time (reliability) and an average response time (on-line-processing engine 
performance) have the relation of a trade-off to copy speed so that 4th example- drawing 6 and drawing 
10 may be compared and understood. Although the operator specified copy speed abstractly in 
consideration of these balance in the 1st example - the 3rd example, the index called the average engine- 
performance maintenance time amount which expresses quantitatively the balance of reliability and the 
on-line-processing engine performance is presumed and displayed in the 4th example. 
[0Q57] In the system in which the degeneracy and restoration like a disk array system are possible, the 
condition (performance degradation condition) that it is less than the aim engine performance with the 
condition (engine-performance maintenance condition) of exceeding and working is in the inside in the 
condition of working. Then, the total time amount as which the system was functioning in the state of 
engine-performance maintenance by the time it repeated the engine-performance maintenance condition 
and the performance degradation condition by turns and it became impossible to return to an engine- 
performance maintenance condition finally is considered as one index. This index is called the average 
engine-performance maintenance time amount THP (Total High Performance Time). The average 
engine-performance maintenance time amount THP is computed by the degree type. In addition, SH 
expresses the set of an engine-performance maintenance condition. 
[0058] 
[Equation 3] 

THP = $o S Pi(t)dt (R3) 

Si G SH 

[0059] In the monitor section 235, the monitor of an input/output request arrival rate, and the response 
time and the disk release time in said each system states SO, SI, S2, and S3 is carried out, and it records 
on the monitor result 247. 

[0060] In the index presumption section 236, the aim response time is received from the service- 
processor communications department 237 for the presumed directions 248 of the average engine- 
performance maintenance time amount THP to coincidence at the time of a carrier beam. This aim 
response time is collectively inputted, when an operator directs disk restoration to a service processor 4. 
Next, in the index presumption section 236, the response time to each copy speed in each system states 
SO, SI, S2, and S3 when assuming that the input/output request arrival rate in the time was maintained 
based on the monitor result 247 is presumed. And each system states SO, SI, S2, and S3 are classified 
into an engine-performance maintenance condition or a performance degradation condition by 
comparing the response time to each of that presumed copy speed with said aim response time. Next, in 
the index presumption section 236, the disk release time over the input/output request arrival rate in the 
time is found based on the monitor result 247. Next, the value of lambda, mu, and T is assigned above 
(several 1), and a differential equation is solved. Furthermore, the average engine-performance 
maintenance time amount THP over each copy speed is calculated from the above (several 3) using the 
result and said classification result. 

[0061] Finally, in the index presumption section 236, copy speed and the relation of the average engine- 
performance maintenance time amount THP are set as the presumed result 249. 
[0062] Since according to the above example [ 4th ] the estimate of the average engine-performance 
maintenance time amount THP over each copy speed is displayed when an operator directs disk 
restoration processing, from now on, the balance of reliability and the on-line-processing engine 
performance will be grasped quantitatively, an operator can specify copy speed, and it is effective in 
becoming easy to form a disk restoration work plan. 

[0063] - The 5th example-5th example is an example in which the operator enabled it to change copy 
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speed during disk restoration processing. 

[0064] The number of trucks which finished the copy whenever one copy processing finished it with the 
copy activation condition 246 as the copy processing section 233 in addition to setting up the 
completion of copy processing, when copy processing was completed is set as the copy activation 
condition 246. In the monitor section 235, the copy activation condition 246 is always checked and the 
number of trucks which ended the copy is set as the monitor result 247 together with the elapsed time 
from copy initiation. 

[0065] In the index presumption section 236, residual time until it judges the activation condition from 
copy initiation and copy processing is completed from the monitor result 247 is presumed. And the 
presumed residual time is set as the presumed result 249. This processing may always be performed 
spontaneously, and when it detects that there was a demand from an operator by referring to the 
presumed directions 248, it may be performed. 

[0066] In the service-processor communications department 237, if copy speed is anew directed by the 
operator while notifying the presumed result 249 to a service processor 4, it will be set as the copy 
control information 245. In the copy processing section 233, whenever it acquires the right 243 of copy 
processing activation and performs copy processing, copy speed is read from the copy control 
information 245, and copy processing is performed at the directed copy speed. 

[0067] Since according to the above example [ 5th ] copy speed can be changed while residual time until 
copy processing is completed is displayed during disk restoration processing, even when an input/output 
request arrival rate changes during disk restoration processing, it is effective in the ability of an operator 
to cope with it flexibly. 

[0068] - The 6th example-6th example is an example which carries put the monitor of the response time 
and carries out the automatic regulation of the copy speed. Drawing 1 1 is the block diagram showing 
disk array system 100B of the 6th example. In the monitor section 235, the response time is always 
measured and it is set as the monitor result 247. In the service-processor communications department 
237, disk restoration directions are combined from a service processor 4 at the time of a carrier beam, 
and the aim response time is received. And while setting the aim response time as desired value 250, the 
copy initiation directions 244 are set up. 

[0069] By the copy controller 238, it is always being begun from the monitor result 247 to read the 
response time, and it is compared with desired value 250. Since it is possible to give priority to copy 
processing more when the desired value is larger, a bigger copy speed is set as the copy control 
information 245. On the contrary, since it is necessary to suppress copy processing when the desired 
value is smaller, a smaller copy speed is set as the copy control information 245. 
[0070] In the above example [ 6th ], even if an input/output request arrival rate changes during disk 
restoration processing, the automatic regulation of the copy processing can be carried out, and the aim 
engine performance can be maintained without a break in of an operator. In addition, since the priority 
of copy processing is changeable even if it changes the gap which sets up the right 243 of copy 
processing activation by the dispatch control section 234 outside it changes copy speed, the same effect 
as the above is acquired. Therefore, the copy controller 238 may be made to make an automatic change 
of the time interval which sets up the right 243 of copy processing activation. 
[0071] - The 7th example-7th example is automatic setting / example which carries out an automatic 
regulation about copy speed using the average engine-performance maintenance time amount THP. 
Drawing 12 is the block diagram showing disk array system 100G of the 7th example. First, the average 
engine-performance maintenance time amount THP over each copy speed is calculated like the 4th 
example, the copy speed from which the average engine-performance maintenance time amount THP 
becomes max is set automatically, and copy processing is started. 

[0072] In the monitor section 235, while always measuring the response time, the elapsed time from the 
number of trucks and copy initiation which ended the copy is measured, and it is set as the monitor 
result 247. The current condition under disk restoration processing activation is classified into an 
engine-performance maintenance condition or a performance degradation condition according to the 
index presumption section 236 by comparing with the aim response time (desired value 250) the 
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response time read from the monitor result 247. Moreover, the disk release time T is re-calculated based 
on the monitor result 247. Next, the average engine-performance maintenance time amount THP is re- 
calculated using the re-calculated disk release time T. And the average engine-performance maintenance 
time amount THP is set as the presumed result 249. 

[0073] When the numeric value of the average engine-performance maintenance time amount THP is 
getting worse rather than last time with reference to the presumed result 249 the suitable period, 
directions are taken out with the copy controller 238 to the index presumption section 236 so that the 
average engine-performance maintenance time amount THP when changing copy speed may be re- 
presumed. In the index presumption section 236, the average engine-performance maintenance time 
amount THP over each copy speed is re-presumed anew, and it is set as the presumed result 249. In the 
copy controller 238, the copy speed from which the average engine-performance maintenance time 
amount THP becomes max is found based on this presumed result 249, and it is set as the copy control 
information 245. 

[0074] In the above example [ 7th ], even if an input/output request arrival rate changes during disk 
restoration processing, the automatic regulation of the copy speed can be carried out without a break in 
of an operator so that the balance of reliability and the on-line-processing engine performance may 
become the optimal. 

[0075] In addition, the 7th example may be changed into either of the degrees according to the capacity 
of a system. 

** When the numeric value of the average engine-performance maintenance time amount THP is getting 
worse with reference to the presumed result 249 the suitable period from the average engine- 
performance maintenance time amount THP calculated at the time of copy processing initiation, the 
copy controller 238 takes out directions to the index presumption section 236 so that the average engine- 
performance maintenance time amount THP when changing copy speed may be re-presumed. 
** By comparing with the aim response time (desired value 250) the response time read from the 
monitor result 247, the index presumption section 236 classifies the current condition under disk 
restoration processing activation into an engine-performance maintenance condition or a performance 
degradation condition, and sets it as the presumed result 249. When it changes into a performance 
degradation condition with reference to the presumed result 249 a suitable period, the copy controller 
238 takes out directions to the index presumption section 236 so that the average engine-performance 
maintenance time amount THP when changing copy speed may be re-presumed. 
** The index presumption section 236 re-calculates the disk release time T with reference to the monitor 
result 247 a suitable period. Next, the average engine-performance maintenance time amount THP over 
each copy speed is re-calculated using the re-calculated disk release time T. And the average engine- 
performance maintenance time amount THP is set as the presumed result 249. 

[0076] - An 8th example-service processor can be connected to a host computer 1, and the configuration . 
with which the disk restoration initiation directions from an operator reach a disk controller 2 via a 
service processor from a host computer 1, then an operator can direct disk restoration initiation from a 
host computer 1. Moreover, an operator can direct disk restoration initiation from a host computer 1 also 
as a configuration which prepared the function of a service processor in the host computer 1 . 
[0077] - Although the operator is directing disk restoration initiation in the 9th example- 1st example -, 
and the 8th example after fixing and exchanging the broken disk drive, start disk restoration processing 
automatically in the 9th example, without waiting for repair and exchange of a disk drive. Drawing 13 is 
the block diagram showing disk array system 100D of the 9th example. Disk array system 100D has five 
sets of disk drives 3 1-35. The disk drive 35 of these is a disk drive of a spare, and while the system is 
working normally, it is not accessed. 

[0078] Moreover, the disk failure detection section 239 is formed in the disk controller 2. It writes the 
broken disk drive number in fault information 251 while it will set up the copy initiation directions 244, 
if this disk failure detection section 239 has the function to detect the disk failure under radial transfer 
activation and a disk failure is detected. 

[0079] In the copy controller 238, when the copy initiation directions 244 are set up, with reference to 
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the aim response time and the monitor result 247 which are beforehand registered into desired value 
250, the copy control information 245 is set up like the 6th example. In the copy processing section 233, 
based on fault information 251 and the copy control information 245, data is read from three sets of the 
normal disks of the disk drives 31-34, and the restored data is written in to the spare drive 35. 
[0080] In the above example [ 9th ], even if one set of a disk drive breaks down, disk restoration 
processing is started automatically, without waiting for repair and exchange of the disk drive, and disk 
restoration processing can be performed, protecting the aim engine performance set up beforehand. In 
addition, instead of the response time, the average engine-performance maintenance time amount THP 
may be used like the 7th example, and disk restoration processing may be performed. 
[0081] 

[Effect of the Invention] According to the disk array system of this invention, in case disk restoration 
processing is performed, the index for determining to copy processings [ how many ] priority should be 
given is calculated, an operator can be shown or optimal control can be performed based on it. 
Therefore, suitable disk restoration processing can be performed now from a viewpoint of both 
reliability and the on-line-processing engine performance. 



[Translation done.] 
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^X?F5^:/#i&®Lfci:£. i&BUftxVX*©^ 
8 bt^tf-^ SiEfirfcxV Xt> F 5^ ^©x-* 
£t>i:K:«7cVr, £8-£«b&5VX*F7-f? , i: 
/cliX^7©xf X * F 7-f ^»C#tatT 3 fc!-ffl& 

or. >&m&mgivt3.i!)t*>, uafB#raK:*f-r 

£&IB*[ia£fTfc5xVX£7W->XxAtC:fe^T, 
^Xh3>lf^- ; 5'*^©AW*S*eJ«^i:, 3tf- 

mm^T^r^^xi/mmmt, ^n-mmt, x 
£Lfc££©7^x*stiBii5ra£#&. ^nsmjassm 

Zmmt-TZTJ X97U4 -/XfA. 

t«»©x^X^H7-f^t*^«|^3n, x-*Sffi 
&0>y : 4Z.!?} t 7-i7\ZftWLVT&aV. l-&£Lt©x 
^X^F^^tfiKIStUi:,!:^. »|5$tL;fcxVX?©# 
8LT^fcx-:5' ; £IE«&xVX£ H^-r^rt©x-^ 

st>t«ca7cUT, fta-a&L.&xVx^F^:/* 
fcttx^ox-f x# H?^ :/K:#fr&tJ3 fc?-$sa 



®§l¥6-2 5 0 7 9 5 

2 

S«IB$aa£frfc5xVX*7W5'XxA»;:*sV>T. 

*x f n > to.-** e, ©Ata*s*ai»$ t, 3 

J5aSS7i£T©xVX4>«IBI$rai, 3t-jg«t, x 

* x z aiBSsa«?>©¥^Atfl*s*si»* t &n-8i u 

tas^e-^iisssfetic, s^T?©Am*s*ai«$ 
*^snfc tfi^u&t^©3 tr-g&txV x^a 
iBi^raoH^&m ssic *-©xVx2«iBi*fH2: 

1#©xVX4> F7-f7©«l^t«S£i&fsi£fc£ 
fc«8-&©x-< X^SMOSil^tCk t)x-^«7n*CRI 
SB£&5trC©¥^ll#HMTTDL£ftgU *n&m 

K»E«Si|g*S3lf-^«tgJtffl»StbT^L, S 

[H#3i4j *xh3>i;3-^t5 i ^x^^iffliKe 

<h£8©xV X* F 5K 7tfr<E>mtit$tl. x-*&8 
»©xVX?F^?fcfl-«LTE»L, l#EU:©x 
-fX* F5^?jtoKKLfct2, ftWUfcx-fXi^fiJ 
J^bTV^x-^SiE^&x-f X? F9-f ^W©x-^ 

*t>tica7ctT, ^a-^ufcx-cxi'F^'f^* 
fcttx^oxVx* F5-f ^ics^iit?3i;-ffla 
£, s^*fcm«shfe3tr-5is-esiff^5J:tk:«fc 

•SSIB&a&fffcSxV X^7 W ->^fAl:*HT, 
*XF3>tra-^&©Affl*S*S|«*t, 5VX 
i'aiBffiaf T"©*X F3>tfa.-^^6©Affl*5* 
©ffla^T*-C©¥^J*:^ma:, 3lf-aai:, r-f 

x^aiBffla+©¥^Am*s*aj^i:s^S!it. -e 
j^iit^snfc t^sufc t#©3 if-^stwrt;^ 
WE*j£iis*S3fcr-^am^ffl}iStLT^b, s 

& C t S#gfc t-fixw X^7W -/XfA. 
[i»*S5] *XF3>lf 3 .- : J't5 f >fX^©IffllSS 
tSSOx^Xi'F^'f^t^SWjS^n. 
»©x^X^F7-f^lC»«bTl2SU l^«±©x 
^X^F7-f^ilS:l?l/fct#, S5cPIUfc7 f ^Xi'©ff 
LT^fcx-^SriE^^xWX^ F^ ^l*J©T-^ 
S"bi:Ca%bT. «a-3S5^t&x-fX^F7-f^* 
fctiX^TOr^f F^-f^KSS&t^fcfHI&a 

s^*fc»«snfe3tr-^«-csifT-rsci:k:«t 

5ttlB«iaSfT&5x-f X^7 U-f 5/Xt Afc*V^T. 
*XF3>tra.-^6©Am*ll*Sll«*t, #XF 

3 > fcra.-iS'^&oAffl AS*©ffla^7*-e©jss« 
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(3) 

3 

mt, 3V-&mft7*-vo> : r<cx?mmmt, 3tr 

mmw<om&*&tb, tgfejtcrafcan&Btos 

*nr*«»«rms«si/, *©£gufraa<Bgu£:gi$ra jo 
VHtimt-rzimftrnzm*, naffi5Vx*«iBi$ra 

£ 1 ^©^WX* F 7^ :/©&!?$ tlWIB 
<k £ fc £ fc8»#©x w X * F5>-f 70»»fc 

m&m 6 ] st*E i * 5 cib«©^ x ? 

7W^Xt\M;M3V»T, 

£%>tfc5Vx*«iHfcirr*»Di$ra£*£u 
■y— trx^Ktt. aK-ttasntrffc. taiHjt&iiem* 
-a«ft*»tjS3tf. 30 

~>X7\k. 

nunm gt#s i a* &h#b 5 tiaisroxw x ? 

7l"f.3'X7\£ k fc*Vvc, 

■€■©3 tr-sss^ac.fc-53 tr-*ft©^H*t* 0 fct 
#ic3 tr-&#£&MLT3 tr-ffiasff 5 3 H-saa 

¥8 t «JMt bfc C i: £t Sf^ X * 7 y-i *>X 



#P8¥6-2 507 95 

4 

SI*JS7«CS«©^X : >TW->X5 1 
AtCfcVsT, XA7©5VX?F5'T:/£*rUar>B& 
3 t:-BBS&fir©3 tr-a«»»^»4iL6 

^m©m^*#fc-rc &^a*<3e 

^7W->XxA. 
M&9I9] *Xh3>tr3.-^t5r^X^W»SB 

fc**©^* X* 1* 5-f zm&Zft, 

Sc©tV X? H^-f :/fc#ffcUTI2&U 1 #a±©? 
^X^ H7-f ^tj|{c|S|Lfct#, SWbfcy-f^OiS 
J^UTV^x-^SIE^x^X^ H9-f ^ft©x-^ 
£t>fcfc«7cUT, «a-^b&5 i 4'X2F5H , 7i- 
fc«X^7©x^X^ F^ 7«C#£i£tt3K-ffi« 

-r WMcmuBOf e.' wffiiSBn^-r-sftiBiaas 

*X h3>t!i-**>5©AfflrtS#Sl8l3Si, *X h 

3 >tfo.-^^ 5©Affl*s*©jaa^7^©j&s^ 
rat, 3trH&3ss7*T©5Vx*fiiBi$rafc. 3 if 

£*ftmu *n*>tt=.?m&£LT%m?z>*:=.? 
mm£. 

at»8Sttfci^Lfc££©3lf-^£^X*« 

iBi^ra©ra«5&*d. *&, sfpMtcmsatifeBSifi: 

S^ratME^-^^Sfeifc, S^-C©Affi*S 

^si»^«i^anfct^b&tf?fflft3 t-astc 
^-rs*:^^ra*«5et. *©¥«ij£gi$raa*Bg£g 

#ie*ft;iRffia:-rs«i8»s*ff^, swex^xf aia 

«rrat 1#©^X^ H^-l'^SfeRl^tftarg^t 
itrE«JB»St*t>tK««#©5 i >f X^ H7-f^©JSSt 
»Jct d x-^«7c^-sil6t^5 *T?©rafcirffitti8 
«Jt«88t?t8IBtTVi-5¥^ttlB»6^raSffl-ffbT, 

*nm%.ts%£LTtiw?znmmmm£. v 
3 \t-m&zm&rz>3 t-iafi#gt, 

*©3 fcf-PS#©lC J: 0 &£<*ft&3 tr-a«lC i D 

3 t!-ffia*ss&-r53tf-ffla^g:t&^bfcj:i: 

S^tTSx-f X^7l^f J'XfA. 
[S^S 1 0 ] 9 ICIB*©^ W X^7H->X 

TLr£h7y2&£3v-mtefr$<offimmmmv 

mmMttm*, ^x-mmmffwz, js^*tc»^a 
nrzBmfegmm£:E-?m%:&h£tz, #3tr-a« 
\z*rrz*m&imftftm*imML, ^n^m&mm 
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5 

u 

[b»*s i i ] mxm sfcttw^s i o iriE®©^ 

W'X£7M , >'X'rAK:m>T\ X^7©xVX:?F7 

a ©»fpsiBJ6-r s c t s^at-r x * 7 w 

[3S!B©SifflfcK9i] 
[0 0 0 1] 

[0 0 0 2] 

[fi£3fc©8fil] t^JTH^tAB. 8&©xV 

Fx-f ^fflMlT^fcr-?*, IE1ir&7VX#F5 
-fr/ftOx-^SfciKSecU ^1-^Ucf-fX 
£ H7-f^*fettX^7©7 f WXi' F^ 

tTx-f X* -7H (QiS3>fcri-^l 9 9 2. 3. 
9 ; 8 7~9 8^-i?) j fclSftSnTHS. 
[0 0 0 3] 

[&WjW5?ftL£5t-r£iS)i] t-(X?7WWt 
Afc*V>T, 3t!-i!Ul©flEifeaES±^TVKt, -85 

B#IW#®<£-5©T» ^S^lCioTx-^^TC*^ 

««tttt(Rj±-rs. -?-©Rffl, ^<n%it\^y^< 

S. TfcfcS. xVX?7M , ->XxA-e»i. 

>iaa»cit^T^©g««^tTff ^^sft^-r 
5©**slk L/^l. ft*, ^iz-tima&ftmizm 

[0 0 0 4] £©J:5fc3M»ldg#Tfc3ft 

/t*>©-e, ^©awt-rsteistt, xVx^sibsbs 
fafc»©}t&£ft#L.T, iafwictt^Lfco. 
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[0 0 0 5] 

[SliSS:»ftT5fcJt)©#a] US 1 ©JS^Ttt, *3S9J 
tt, *Xhn>tfjL-^^6©Affl*g*Pm^t. 3 

br-ffla^Tsro^x^^iB^t, nt-iis 

UX#atS^fflU&21tSi|*ai:-r-57 i -fX^7W'f 

fxxAfctwirrs. 

[0006] 82©t&rm, #5ggji4, *xhn>tr 
a-^*^©Aa*n*a^t, ntf-aaas^s-e 

H«f©¥^Affl*ll*5!l»^tSW-jl8L. 

[0 0 0 7] 83©«^T«» *Xh3>lf 
©xV X*tSIBB#IB!i:. xVx*£IB*a 

at> ©¥^AtH*s*a»*t&tfjBjb, -enest^ 

jo fetic a^TWAaiAS^ai^^ii^sn&tis 
feu&t^©at:-)ia<t5 i ^x^«iBKra©K#^ 
seic *©5^x^«iBP#iaiii-&©xVx*F 
5 -f fv&mm t «a£&# t s t> t fcigsc&oxV x 

5'SB©SStP$C«fcD7 ; -^S7t**^pItEt^-5*T©¥ 

- m x m a t t ft c t t -r «> x ^ 7 w 
'f->xf-A*a«-r-5. 
40 [0008] $&4©sj£t-?e. *^w±, *xhn>tr 
a-^^ecAta^s^j^i, xwx^aiBfflat 

T©*X hn>tra-^d^©AfflAH*©Ma^7* 
50 tf-aa*»!£$«5-y— kfX^&££JMJI.LfcC££ 
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tmt-fZTJ X*7 W" ->x^A^«-rs. 

[0 0 0 9] ?g 5 ©&£■?«> #X h3>t! 

a»s©Affl*g#©ffla^7i:T©jsgi$i33<!:, ne- 
$aa5S7*T?©x^x*«iBmfflt, m-mmt, =? 

mnft tfi€bfcis©3 tf-asfcT^ x*«ibi$ 
ntme^^tiiJt^httz.- a^T?©Ata*s^j 

«s8t-r-5ttffi»«£ffv\ tag^x^aiB^rat i 
&©7^x* F7'f^©*K^t#Ea32«^tiistt^ 

£ t KSSte©^ X* F 9-f 7<o»mz& o 
x-^a7C*^pII8tfe^*-C©IBCWiett«6i!(Utttffi 

w-mmfa%mftmtvT&7RL, m&mzm-m 

[0 0 10] Sg6©g|jS-e». *f6KH. ±fBfl|fiK©5 f 
^a^frttRfc^xs^U ^E^ItJftKBSU Jig 

&££JSLT3 K-ffiafttrS 3 tf-$!ia#§5:£JH§L 

fc w t t-r sf>f x? 7 w v-x-^a sti«-r 

[0 0 11] ^7©S^t?tt. #»93tt. ±fBttfiK©5 ; 

t, ntr-jiia^fff \z, 8t&*-9itti&tiiiimmmfc 
^©*«*is*»c2a!u, v*jt»i«m#<BMHm 

POJ: 0 *£V>*&lctt3 t!-XK«/hS»K3BEt«» 
fc . * ©3 fc!-i8lE^S»C n tf-*#©^M*t* o 

Ma#atss«ufccts#tsfrs7 ; ^x^7i''f 

^XxASHflrTS. 
[0 0 12] S8©g^-ett, ±S»7(D1 



(5) W6-250795 

8 

&fc:<k£5VX£7 H->XfAC*V»T, X^T©^ 

. -fx^F7-f^^us.osm^w*±^3tr-M 
j6^©3t!-as*^«)^Ae.nT^ss^ t*fw© 

[0 0 13] ®9©SitTtt. #S89itt> *Xh3>K 
x-^^6©AW*S^j3i*!t. *XF3>K3.-^ 

6 © Affl^S*©Ma^T *-C©£SP#ffl t, 3 tr- 
io «ta^T*-p©x-<x^ttiB^wt, 3t!-aat» 5* 

ftlEftft t«3£Ufci#©3 tT-^tx-f X^*IBI^ 
i 1 #©tV X* F •70&m&t&mZ&mt1Si!& 

«ffi»atst>tc«a#©^x^ v^7<M$im\z 
«fc o ^-*&7cacF pjte t zta *T©raK:ssKtttBe^ 

mfe&%:tvTmtrrz>mmm&^mt. summits 

U ¥^eig«Jt^ W*iSA t&53 fc!-5£& 

&ssts3 tf-ps^at. ^-©3t:-fi&^g!ic<fc 
Di8fesnfc3 tr-)gg»cj; d 3 tr-ffia&pgj&-rs3 
t-Ma^s t bft c t t-r * x^ t 

39 IH'v'XxASgft-t*. 

[0 0 1 4] mi 0©SjStTtt» ±E^9© 

stt, fe&ttm&mm-rztmz, 3tr-*»TUfcF 

5y^at3tf-|gS&^6©iSj®^WStfr8JLT, 

^temt^L. mmmttmz, ^v-mmmn* 
\z, wtftmtzmfetin-ttB&fc&fifmt^-pttiM** 
t \z, ^3 v-&mz*rrz¥m&mmm®m : £:mm%. 
v, *n&m%mmz§&.feL> av-m&^mx mm 

40 *t*tS3kr-ssi;:£HU ^M-^mt, 19103 hr 
-hs^sic <t d 3 t-jia©XH*t»o t tric-f-© 
3 e-^«(c^jitT3 t:-isa*ff 5 t si#isfr 
5f-f X^T V"f ^xxA*a»-r-5. 

[0 0 15] 551 l©gj&Ttt. *«Wtt. ±EM9© 

ft, =&¥a^3br-iaa©fe©©»)^5£iij!&-r-5c<!: 

50 [0 0 16] 
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af^ x * « iBusm t&s«k 5 fc3 eHSjgssjrcs 

5. 

[0 0 17] ±IB|g2©«ji&lC±S#5g9i©7^X*7 

t!-ffia L/a.r>a^t?©xm*ii*ai^*t^^n 

[0 0 18] ±ES&3©^fc<fc£*?89!©x^X*7 

*fcjrrs&je>©»B£LT, x-^^Tc^wiBt* 

SSrCO^BSWMTTDLS, SfWCJljSf S. -5- 
rr. 8f£Jttt. ©JStt£*>5^>*aattt&©iaS2f© 

[0 0 19] ±SBSM©«J&fc,kS#f8iJi©7 i ^X^7 

K^TA-eu. 3tf-ffiS££©g&ffifc-r^i!r*> 

£fcjrr*fc&©»&i:LT, ^^©AffiAS^J 

fiMttt^>9-f>«iattiB©M^©«^6a« 

[0 0 2 0] ±8285©fiiU;:<fcS*f591©5 i w , X?7 

m^x^athu *3t!-jiaftcjt*-r5jg^ra*ti 

mvT^zm.mm*:¥t$®mMft®mtw&iig. *•© 

A^ft3£-r5fc«>©«^tbT, igflyucg^-rs. 
znr, ««ttt^-^7-<>fflattiB©w*© 
m&fr e. &wts;¥-m&mmftm$ t ± 5 &3 tr-« 

[0021] ±iasii6©«£fc«k5#fg9i©x^x*:r 

U-f->X^A"Ctt, 3lf-i!l3Sllff«ftC, x-<X*«IB 

br-a«*«H»*$-&, 3K-saaji^*t^3ibfc 
av-m&Txv-mmzwm-z. -err. 3 if he 

[00 2 2] ±iBSg7©t&&fc.fcS2|cf89J©7^X?7 

w-^fAm 3tr-ffiaiiff+c, 
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[0023] JbfBJB 8 ©ttftfc J: S^gn®?^ X * 7 
K v'X^ATTtt. X'<7©5 i .-fX4'F5'f:/£:£LT 

*3t!-HS&i^©3t;-aftT. ##a*<3tr-«is!© 
fc»©»^s5ite-r-5. -ten?. mme>%7Ki>vf&t 

[0 0 2 4] ±EIB9©g;&K:«k£*f«l]©5VX?7 

ic 3fcr-i£«£B»iS£u 3if-j!ia*Mjfi-r.5. 
■f-jiT. ^*©»*3a^ta5. ±fam o©«& 
fcis^fgwrox^x^iH'S'XxATtt. 3tf-ja 

tf-assaasjirrs. -ec-e, 3tfH8us§&fT4't;: 

fcfc*. ±IBS1 l©K£KJ:S#&E©5 i -fX£7l' 
-Y ^X^ATte, X^7©5 i W , X^H7'f^&^rLT^ 
tifPM©Jt^S#&-fK, ?»4X.SnTt»& 

# 3tr-pia&9#©3fc:-8ar?, ##aa*3i;HiaJs©;fc 
»©llrfe£BB*&f •&. 8fW©»**t*gi:fc 

[0025] 

[^w] ar. *mm<Dmi&Mz®mzj:mm\zm 

BUi, a^t-5miHJBM>6vem9*ifi«silC^ 
*>*5r-f X * 7 V<i ->XxAIC#ffiTSA- F ?X7« 

OOlt *Xh3>ta-^l, 7VX£fH»&B2> 
JO f^Xi' 1*5^^3 1~3 4, •ih-lfX^D-fcy-tMii 

«fci;3>v-;p5^s«i^$nTVi5. ^nuswrtt. 

4#©7 s WX^H7'f 73 l~3 4©C9©3#JCx-^ 
£#»LT#£ji3., S0©1-&CX9-|TIE3-H* 

F5^:/©#»K8JJ&«fc<. m#©5 i 'fX^H7-1'^ 
SfflitLT, ■€-©5t©n#=&X5-fTiEfflH7-1'^ 
bTAVi (m, n«m>n^lSSifc-rffiJc©@*8 
SO . 7^X?S!ra8B2tt. ftWl, 

MW7n±.yD-2 5, 2 6. d-*;v^^e 
40 U 2 7, 2 8*3,fctf#jl;**l) 2 9*»6«/S$tlTV» 

us i susfl* e ^ 9 y x h ^x7«ns-r 
*t>%«tB*^n-6nii*oT^«. misuse 

*^»9l«gW*jaicRi!IT.5. 

[0 0 2 6] -^1^66^- 
@2tt. *56M©mi*ffiWfc**^7 ; 'rXi'7U-f-> 
XfAl 0 OA©«l*0-eai5. 5^X*3iiragg2 
^*;V2 1 i/ty^r^t'J 2 2£%T*. *x 
h3>t!i-^ 1 t?**)V2 1©[B» ?-fr^;V2 1 £ 
n-zXr^U 2 2©^» A777^'J2 2tf^X 

50 ^ ^3 i~3 4©rB»c. -en-en^-^esigsp 
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1. P2. P3*t&3. 

[0 0 2 7] 5 s -<X£iS®gB2F'JtC*3lzaa-eHSn 
£#g?2 3 1~2 3 7B, W«7 r n-fe 5 '-y-2 5, 2 6© 

P3TB*tl&#f»ffi 2 4 1 ~ 2 4 9 tt, ±f36«tgfflT 

s»t«u*ff5i»aT*s. j:ns©fit«©3t>£fcs 

mm^O±yD-2 5, 2 6fci!l0aTSnT^5«l6W 
•?g*raL$f?5firaB, &®W7u±y*2 5. 2 6 

2 7£&tt2 8£B<. 

[0 0 2 8] AIH*S*§^B52 3 1 IS. *Xh3>ld 
3 1 ~ 3 4 (CMr-SXtilAS* (x-^^*fflb#^/ 

t. Ata*J!ia^=¥i-2 4 1 icsst*. 

[0 0 2 9] AfflAS!ySg?2 3 2tt. 5V X/Xy^MW 
6B2 3 4*^AtH*ffiaiHfT«i2 4 2t^XhtVlth 

#. AmAjaa^^jL-2 4 1 ©stgnciEssn-c^ 

5Affl*S*S«lS!T5. AW^H^x-^^WL 
^©«#tt, x-^StfrlftUT^-SS^WT^X^F 

7^txtT. x-*£f8*&?r. *bT. 1 
LTV>nH, a0 3-&^6x-^tX7-fTiEffl3-F 

ftT^-S^-^S&TGtxfc©^ A?7r^€'J 2 2* 

7**U 2 2 fcftt&LT, -en-^n^iE^&^X^ H 

[0 0 3 0] 3tf-ffia»2 3 3tt, 4#©tVX£F 
5-Y 7©l*g© 1 &ifi&mLtc£&\Z, *nz&m • 

nfcrHESSffS. 031c, afcf-ffla©7n 
-B£*f. £1*. U— tfX:/n-feyira«S82 3 7;&> 
6 n tr-MS&»^ 2 4 4 *t?;v-^r 5 (Xr 
9^1 0 0 0) . 3bf-Wj&f&^2 4 4&gtt*i, & 

ih»*©xw x* H5-f i @©n e-j&a-ca 

tr-fWfflHjSf82 4 5£f?#i£tf Uf*^l 0 10). 
0 2 0), •3r^X/^s/^»gR2 3 4*>S, 3t! 

-mmmftft2 4 3##;t&tt-5£T;v-;^r5 (xf 

5/^1 0 30). 

[0 0 3 1] afcf-*aS*fT«2 4 3#^*.&n3 1 2:. 
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T (Xfyyi 0 4 0) . lEft&S^xWX* 
iCft^T* (Xt-;7"10 5 0) . x-* S^tHf h 

fin?jg*snfc&© h 7 ^-e&s. 

[0 0 3 2] #IC, /ty77^ ; e l J 2 2JC^*ail/fcx 
5, «IB*hfe©5V X* H 7©x-**£7G 
l/Tv nv?r* : &)2 2\z&m?% (Xry7*10 6 
0) . -t-LT. QL7tL1t?-i?*rtyy 7*^)2 2ft 

070) . 

[0033] %.\z. xmoav-temtt&oftmh?? 
*#^£M«tf * (xt^yi 0 8 0). mmz. 

X^IBMaW^TUfcfl^SfiJSgU (Xrv7"l 0 

90) , %7VTKizttn& taexxyT'i o3oc 
g*. 3£7 L&a 6 «, 3 mi 246 tea tr- 
mm&7*m%.L u^^yi 100), wsxxy^ 
1 0 0 oicBi*. Ata*j!iae52 32 a, aiha 
temmftm 4 2£Mim •€-©Atn:*j$!i35£fT« 

20 2 4 2S'Jt? 3tf-JSaSP2 33tt, 

nif-jai!iiff«2 4 3£^aibfc^ ^©ahr-i&s 

*fT«2 4 3*U-fe-/hf5. 
[0 0 3 4] =f^7.nv^Wm>2 3 4«. jlSfcX-Ir 
5^-;M!&l!T, Affl*S!!3&2 3 2KAffl*M8*fT 
tS2 4 2S#^.5. nlf-5!ia8S2 3 3C3tf- 

fcs^frfcs-s-A.*. 04 ic. xt-VzL-frumvyu 
asiff «i 242 s^b. -momm ten if-«ia 

^«&^-T-5fe©T*^. 3rf, HX7"at7 
30 1r®M88 2 3 7 bf-il5&je^2 4 4 SSltSST? 
©KH, Affl*4B!H*fT*S2 4 2£g:?rra (Xf?7" 
200 0, 20 1 0). 

[0 0 3 5] U— tfX^ r D-fe 3 'lrffimSB2 3 7*^3br 
-B8M}g^2 4 4^tSt, ^7€0'Jt? hf5 

(Xfv7"2 0 2 0) . -£LT, ^-f TS^xyi'L 
T. 3f)£©ia;5£NfM (MA«5 0ms) SSiatT^ft 
tttl«, Affi*«ia*fTti2 4 2*t^f-5 (Xt?7" 

2030. 2040). mM<r>m^mtmmvit^?> 
«. n tr-jsa^ff«2 4 3*ajrr* (xf«y7*2 o 

50) . 

[0 0 3 6] -£LT. 3tr-*ff«jH2 4 6C, ntf- 

«ia^7*^snTv^t7n««}Exx5/^2 02 0 
icRf). tt«snrvm«WExx?/^2 0 0 oichs 

(Xfy^ 0 6 0). ^fe. #5aaHff«l2 42.2 

4 3©s^saa (x5 i -y^2o 1 0, 2040, 205 
*t. -e©»-c;i^-^r-5. 

[0 0 3 7] ^n^S52 3 5e. ft*Jl'2 1ICAoT 
< 5*X h3>Ka-^ 1 ^^©Ata^ll^Sm^x 
50 yi'bT. AHJ*S#PJS$£§H81-f*. ^-OT. -€■© 
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13 

xmjimimm&tt-9i&& 247 cgaer s. * 
it. 3 tr-njsra^ 244 jWRjeanr* n «f-§gfr 

2 4 6 ten fc!-$a&5S7rt<S£3n££-T?©x-f X 
i'ffilBWi:. ntf-gSt, xwX:7&IB$!ia*©¥ 

^xmm^mmm&^^M 247 tfes-rs. c 

[0 0 3 8] »g*£gR2.3 6tt, D— 
®«S2 3 7«fcD«jg}t^2 4 8£gtt&££. ^-^ 

ife*2 4 7^6-?-0^T<DAffi*il*SI«sp*^a 

©3 tr-^atx^ x?«iBB#ra©w««B 5 ©h^ 
sjrj&t, *©«g^*}t«ism2 4 9fci8s-rs. as 

[0 0 3 9] *)—VX7utyVm®®2 3 7H £TF 
©3-Q©«|gS«fr?. V- HX^"D-feryt)-4J: 

D^X^ttlBMSSi&Sfg^nfct^, r^Xffi 
IB^K©«S»*2 4 8 £li*£U }§}S!g*2 4 9*ii* 

jesn&e. ■eti*-*-ex^o-fes'U-4jtaa-r5. 
6. 3hr-res&f&*2 4 4t3tr-«w««2 4 5sa 

SSHIC. 3 K-*fr«« 2 4 6 IC3 fcf-®^ 

T«*»&an&6, 7^x*£iBj!ia5S7*D— ex:/ 

[0 o 4 0] Hx^o-feyiMKJu S#**in>y 

-;i/gfi 5 &^UTX*L&»^S^WX^«!»gfi2 

[0 0 4 1] 07BU ±>£©&SitB£ffl^&5VX*lg 
.IH8ia©S'-4r>XBTifc*. U— Hxyati/*4 
tt. 8f#**>65^fX*«IBJ§*£3ttI&3t <X^s> 

^3000), insx-f x^^msg2jca»-r5 

(Xts>73 0 10). 

[0 0 4 2] CtlfcttLT, 7VX?fW»&B2T?«> 

tggatfcas 2 3 6 =&n K-attc*rr*5V x*« 
iBnsiw§«jgu&& (xx5/^3 020). *n*-y— 

Hxyci-feylMfclB^TS (Xx>y73 0 3 0) . U" 

f aiBKfK©it^iems3 > v-;^g 5 ks^t* 
ss&»«-rst. *n«5Vx**psii2fca*rr 

* (X-rs>:/3 0 5 0) o 

[0 0 4 3] x^x**jwsH2-ett, aftstifcnt: 
-MatcsEoT. mf-«is«2 3 3T3tr-jaasfT 

3 (Xf-^3 0 6 0) . 3K-JM^T«. ir-fX* 

»iBffia*Ts-t>— tfx^D-fey-tj-4jca#-r^ <xt- 

^^3 0 7 0) . D— txyn-feyD-4H. atf-SSS 



(8) &g|¥6-2 5 0 7 9 5 

14 

^7©^*yfe-^*3>y-;^B5tS^bT. ^ 
Afc»&«-5 (Xff^3 0 8 0) . 

[0044] ^M^x-rx^siB^asig^-r 

3 6«, jt^nfent-^Kc^-rs^x^aiB^ 
«©»£«£«?&£& 249 ici«rr<5. 
[0045] K±0Bisufiwc±ntf> mmta^ 
x^«iBiaasjt^L,fct^K> &xK-mm\ztttz 

5VX*«IBI$lffl©ii)£ttrt^3nS©T, 09*«2 
25 #B©5^X*F7^7j^BLTL3;5«4s&^«L 

tfM*ttB£aT*T< , »B«t 

>g&2 3 6*%r:*flt2 3 5©«IBSD— HX^O-fey 
D-4^X ha^Ka-* 1 lCf*U£?K ^r:^S52 3 
5 ©t8tB*^rr-5»ffl©tfJM8t£^ttTt> iti. 
[0 0 4 6] -$82*S&0|- 
?S 1 *1MT?Bt-/ X^«IB^ra**5£LH^bfc*t. 

m2^;6g«n?tt, (#§U60«©«£«2#) ©x 

a? *-e©¥^rasaj£L^-r-5. cna. @2©jtg 
Ji£ffi2 3 6©8tt8&*©«k5fc«^e:i»c«toT* 
«f S. 2 3 6 Tttv 5 s -f X ? 7 W ->Xf 

m\t. H8©±5fcaa. OT©4^©«sg 
t6r)©a^s^. 

ttffi S 0 : 4 #©7V X# F9-f ^**iE«fc 

«JBS1 : l^©x-<X^H9-f^5fc^ 

1?. S0©3^TIEft»^i!i«|» 
50 «SBS2 : l#©5VX* F9-f7©*IB8l . 

31*ff tr. « D © 3 S-CfcJEftfcgS&f 
1RSBS3 : 2#©^X^F^^©ttBI' 

<fcD, T-itW&mm (v'XrA^'^) 
I@ (S 0, SI) : 4£©5VX?F5M':/©I'3©1 

a#(si, S2) '.^.nhitf^^Y^f^m 

S^(S2, SO) :^X^H7-f^ffllBMa^7 

3»(S2, SI) : SIB^St©^ 7>9Y947im 
40 W 

19 (SI, S3) :IE^3#©x-<'XJ'H7'f^© 

S9(S2, S3) : iEmfc3-&©x-fX?F7'f:/© 
W©l#*tSftis| 

08^ ftS«:±©7^KS^&^-r. Att. It? 
©5 i ^X^H7'f^'©Sfcl^*S-r. /itt. 1-&©xW 
X^F^-f^O^a^^S^-r. TJi^^X^SIB^r 

ss^-r. sfc^A*«j;t;ga^^/t©Mis, ^©-> 
50 ^-rst, v;v3 7SS©ai&ca:o. *©«»^sic 
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(9) 

15 16 
atf£4T5. P l(t)ll, PS&JtJC^VvtttffiS * [0 0 4 7] 

i \Z&tE? * [SI] 

lf^Lil = -4APc(t) + -f P,<t) 



6-2 50 7 95 



dPi <t) 
dt 



>4APo(t)- ( 3 A+ju ) Pi(t) +APi(t) 



- (Rl ) 



■^^-=j«Pi(t)-(4A + -|-)Pi (t) 

dP i,. (t) =3APi(t)+3APi(t) 
dt 



[0 0 4 8] ismm&m 3 6-m> u-Hx^nt^ 

■tf-a«BB2 3 7«fcO«l5£}iS2 4 8 *n 

£©#3 t-^at^-rSx-Y X£«IBI$[B]*B 5 ©H 
A, p., T©ffi&±E (»1) IC 

MTTDL= 5" P3(t )dt 
[0 0 5 0] #3fcT-3i«i:¥^WMTTDL©H« 

[0 0 5 1] K±©m2SIJS«f3K«kn«, &#*#?>f 
x-^a7n^^oIt8(C^?>S-C©¥^WMTTD L{l 

[0052] -ms^mm- 

MTTDLfii©ift^<BS^Lfc*t, IB3^JSWCtt, 
^3*JSfiS|©«lJE£tt, ^=^682 3 5tmm 

[0 0 5 3] *=^g?2 3 5T». 5 1 ^^;i'2 1 40 
9n&%m : E-*l,X, #XhrJ>tf:x-*ia>e,©A 
tililgXt, Affl*ffla8B2 3 2*t*Ah=i>fcr3.-^ 

tc tn^gj 2 3 5 -cttv i mo^-f x^«iBjaa©« 



«t8»C»5*T©¥^KMTTDL (Mean Time To 
Data Lost) £#5£l£<k:?T:&«>. #6tlfc#3K- 
aSt^^raMTTDL©l8«&«^*2 4 9\ZWt 

[0049] 
1*2] 

— (82) 

[0 0 5 4] »g»£SS2 3 6ttv U— KX^n-feyl}- 
2 3 7 «k D¥^««PKfra©«l^^ 2 4 8 ££t* 
; E-^ijS«2 4 7^6-e©^-C©Affl*S* 

*ut, -e-©iem*itsism2 4 9tcis*5rr 

5. *5Affl*^*Pm^fc*3lt53tf-aSt¥^l6: 
§«f^©M«K. 0 1 0 fcjRrT £ 
[0 0 5 5] K±©^3HJfi«f9tt«ttl«, 

x^aiBjaas^ufctfric, ftnt-^c^-rs 
£gi$M©«£ffia*^sns©T. x^x^aiaffia 

£»£T€r, 5 ; WX^aiB^H-HSitT-fr<^534 

[0056] -mAmmm- 

mztmi o£jt«UT#>&><5«k'3»c. ^x^aia^ 

tt> 3lf-««l^l/ThP-H^7©ll««cafeS. ib 
1 &J60f ~SS 3 HiSSWr rajitf*** z.n *> <on? >x * 

iswctt. ««ttt*>5^>fflatti6©A5>x*^ 

[0 0 5 7] 7^X*7W>'X5SMD,fc3fct8jl-& 
IBnltE&v'XxA-Ce. ®lftl/Ttr^ttffi©>pC» gg 
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(10) 

17 

mz&mmftvimzmnti. < ->xxa 

T#x.5. Z<Dmm£¥i%&®m&mmTHP (Total* 
THP = Jo", S ('t)dt 

[0 0 5 9] *-^8S2 3 5TB. Affi^S^PJ^ 
t, iu'f2&v'X5\MKS8SO, SI. S2, S3t*tt 

ie«2 4 7iciEs-r-5. 

[0 0 6 0] Jg£*5£SB2 3 6T?tt, U— fcfX^D-fey 

u-ames2 3 m^^^mmmmTHPom^^ 
coggfcgiitratt. -a— tfx^n-t? 

2jf3. ^Cte. ft£Ji5£g&2 3 6Ttt. *-^iie^2 4 
nfc£&£l,££lr©£$'X'rAtt88S 0. SI, s 

2. s3ic*it^S3t;-jtffitc^-r^^M*«i^ # 

->XxAttlBS0, SI, S2, S 3 £&fE»8#!B£ 
2 3 6T?H, t^^Mf 2 4 7 tCg-^T. ^©fcJjTe 

©AtiiAs^si^t^-r^x^x^aiai^Ms** 

5. jfclc, A, m, T©fi£±g (gel) KftALTlS 
ftJSmZ&tiK. S^tw, -?-©i(g^i:WIB^ISiiemtS 
ffl^T±IH (S3) *>S6:nfc:-a«fc*frS¥*ltttg 

»miaTHP*tt#-rs. 5!? 
[0061] &mz. mmm&m 3 6t«. ntrni 

«t¥^<4iB»}#^WTHP©B8«&«ISi!e*2 4 9K 

[oo6 2] «±©S4^jfi0ijcj:n«. awe**^ 

¥i%tttg«ij$WfmTHP©«i)£fii*t^$ns©T?. - 
n*6*«ttt^>7-f >ffiatttg©A7>xsga« 
\ztKmvxmwm^~m&^m^x!^. xvx*« 

[0 0 6 3] -msm&W- 40 

[0 0 6 4] 3 tT— 38t3SeS2 3 37?tt, 3 ^-HSMifl^ 
7 t€ IC3 h!-Hff«a 2 4 6 fcn fcT-J&a^Tfc 

rorrsoftb*.. i®oav-yimi)mt>zm\z, 3 

t!-*»Afc r- 7 y *St£3 V-mffttR 2 4 6 
T*. *=^®2 3 5Tlt 3fcf-3£frtttH2 4 6SS 

-Mtei4^©Sji«pKt-«»C. 2 4 7 CIS 



#$¥6-2 5 0 7 9 5 

High Performance Time) ¥^ttl6»«FNfW 
THPtt. ^SClCkOfiCffi^n-S. fc:fc, SHfct. 
iti8ttgi©^£i§-r. 

[0058] 

[&3] 

(&3 ) 

[0065] mmm^M2 3 6-m> ^^13*2 4 7 

bfc«DI3!S)£«£*S*2 4 9K:^rr*. c©$&a 
ff&iftzt &mfct$m 2 4 8 £#Brr 3 ttCioT 
[0 0 6 6] -9— tfX^n-feyt)-a«8B2 3 7-Ctt. it 

5&fs&2 4 9s-y— tfx^D-fe5/ii-4»ca»r5ttt) 

S3t-S«fflH»S2 4 5C»^rs. 3tf-fflfflg52 3 

3-ct*. 3t:-ffla*ffii2 4 3®#T, ntr-ffla* 
^-©ffi^^n&3i;-^afT3t!-i5ia>£ 

[0 0 6 7] «±©|g5^»WC«tn«, 5VX;7&IB 

sn-5t#i;:3k:-5iffi££!rr#s©T> xVx^a 
iBffla* «c ArH*s*ai^io^fi:-r s & a vtcm^-v 

s. 

[0068] -%6$mm- 

m6$mm\t, vx, 3tf-^ss& 

mmmtzmmm-eibz. 01 1«, i^'idMi^ 

X^TP-f ->XfA 10 0 B*^-rfllJS3c0T*-5. t3 
3'eB2 3 5Ttt» fcS&ra&ftllSfrfflUT, ^-^ig* 

247 >ci8)£-r5. u— tfx:/n-fc*yy-af§a&2 3 7*e 
tt, -y— ifx:/n-fey-y-4a»s^x*&iB»5S£§tt 

Bgjs&nsras BS« 2 5 0 »Ci85£-r-5 1 1 feK, 3 tr 

-MJ6m^2 4 4&^T5. 
[0 0 6 9] 3tf-mffigS2 3 8Ttt. ; Er: : 5'Jg^2 4 
7j8»6*S«pBftflHW«*Hll/T. ^n*BflHg2 5 0 

ffla*«5fe-r.5 c t^tg^o-e, 3 v-mwmm 2 4 

5fc, ±9*#fc3fcr-5£g£i8:5rr;5. BSfi 

©*#»/hivj»^». 3tr-j|iasMi^s^s*i*s© 

•C, 3b:-S«»19ffl2 4 5lc. <fcr)/hSftnlf-^<& 

[0 0 7 0] K±©m6SlffiWTtt, x-fXi'SIBffla 
«f>rAffl*S*SU»$)9^bTfc, SfP*©^-Afeb 

tc, 3tr-«aasBKPisuT. BSttustt^-r^c 
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y<HMM2 3 4T3 tf-ffiS^frtS 2 4 3 SSfcTS 

ffiasiff « 243 sgjrr s^wrafss. 3 tr-asas 

2 3 8*tg»^J|-r5<t5»CUTfe«fc^. 
[0 0 7 1] -^7^09- 
M7*JfiW«. ¥^&fg*§&B5mTHP£;ftJfflbT> 3 

2«U 9l7§lig05©7 : WX^TWv'X5 L Al 0 OCS 

s-r*»s0T?*-5. arr, m4*jswtra«cbT#3 

[0 0 7 2] *r.*&2 3 #19. JfcgHSKSW- 

m^^mmmm^mhx. ^=.^^2 4 7 toss 

T S. 2 3 6 ^^jgm 2 4 7*^ 

^mu&iB^ngsim^m (bs«2 5 0) tjt 

R-T5 2:tlC<fcoT> 7VX*£IB*!lS*fT*©3ME© 
fc. ^=^jg*2 4 7(t^V>T» ■rWX^aiBl^HT 

tt, -e©¥^ttfii8H$^WTHP"*ajeie*2 4 9 ic 

[0 0 7 3] 3tf-SIS&2 3 8Ttt, 
J&Jg*2 4 9 £#JSU W@«fcO t>¥^ttieil^MT 
HP©»«*llSfl:bTVi5»^t«, 

fc t ^©¥^ttt&tn*«fMTH p sffltjrrs ± 3 

Ifrg«i£fi82 3 6 KJgjSfcHJT. »S«5£&2 3 6t 

p ssflt^bT, 249 \zmitr 3 k-» 

fiB52 3 8T«. C©«U&te*2 4 9St>tfc:» Jp^tt 
ig«S^WTHP*t^:[cft;S3tf-3i*S*»T» 3 

tr-ffl»isffi2 4 5 fc^rrv 

[0 0 7 4] &±©S*7*ffit»|Ttt, xWX?«IB&S! 

©iHtt.*>9'f >8is?ttte©n?>****afc& 

[0 0 7 5] S'X-rAWifc&fclKUT. m7HJg 

09£^©^-fn*MC^MLT ! b«fcV^ 
®3 tr-|SSffl5 2 3 8 ft, aSfcJ5«-e*J&l6*2 4 9 

£#jsu 3tr-fflawj&i^fc«-*b&wttig«i»^ 

WJT H P «fc D fc¥«lttl£»fclS fflTH P ©»tt^«b U 
T^SS^IC. 3KH^££*&£2©¥^ttt&li8 
^KTHP*S»^rs«t5»C, »g**852 3 6»Ctg 

&&sttme§iu&8R?m (bsm2 5 0) tttsrr* 



(11) &§l¥6-2 5 0 7 9 5 

*2 4 9{C^-T^. 3kT-PISffi2 3 8tt, jgMjfc^ 
JTOI&ftft*2 4 9e#MIU ttttSfcttMCfc-afc* 
3tf-3SS$^&t#©¥^ttffii|ft^raTH 

p ssjt«-rsi 5 {c. m sat^ss 236 icft^sm 
-r. 

2 3 6«. aa^»!Tt-^ie*2 4 7 

£#JSU ^X^^IB^raT^tf^tS. Jfcfc. 
©BtfSlxfcx^X^aiB^WT^fflViT. «-3t-ii 

jo istrM-rs¥^i4iE«i»^raTHP£stt»-r5. *u 

T. ^©¥^1ttE*^KTHP £*5SI8i& 2 4 9 fctt 

[0 0 7 6] -^^l83^a&^S|- 
1^-KX:/^^1^£#Xh3>fc:^-*l^CgS]K^ 
T, S^A^SCx^X^ttlBIBi&Jt^. *Xh3> 
t^x-^i^e-y— tfX^n-fe^-y-SSfiLT, 5^X 

>?Mwms 2 fc® < #tj££-rnfcf, 3 > 

tTa.-^ l *>5x^X^«IBIBJ&S:JI*-r5ii:*tai3fe 
5. *Xh3>t!a.-3'lK-9--Hxyn-feyy- 
^ ©«tl£&ttfc*|J5fc£LT*>. JSfWtftfX h3>Ko. 

1 A^x^x^aiBMtesje^-rsct^ta^s. 

[0 0 7 7] -89§tU60|- 

:/«gs • £«lt*&. .jsfwat5^x*«iBHS&£ 

miKL-CV^tf, SS95&6gm?tt> x-CXi'H^'f^© 

&a • fcai&wjc5 i ^x^«iBMas§i5& 
1-5. @i3te, sgsiifieiiw^x^yw^xxA 

1 0 OD£jR-f#lJ£0T?a&£. ?-fXJ7H'>XfA 
10 0DH SGOtJ X^H7-f^3 1-3 5**1/ 
50 T<A5. COSSOx-f X?K7-f:73 5K, X^7© 

st^itttT^-fex^tife^^. 

[0 0 7 8] Sfc, 7 I ^X^M«ISB2fc«> T^fX? 
»S«lffla2 3 9*i|8»j-e»nT^5. d©^ X^Htg 
«itHS2 3 9tt, Affl#$&3*fr*©x^X*|aitg£& 

ta-rstaiB^^. ^x^ra^^ai-rst, 3tr- 

^J&]t^2 4 4S^3rr5ttt>t, ftf&Lfc^X* 
H7<yS^*P»^1»fB2 5 1 KS^atJ. 
[0 0 7 9] 3fc!-i«88B2 3 8Ttt. 3tf-MS&Jg^ 

4? 2 4 4*t^$n;fct€r, smm2 5 o«c^*s®sn 

T^5@g^S«f^t ; 6^^#g*2 4 7 ££#fl8UT> 

^6HjS09ti^iiir. 3t:-$iffln»S2 4'5Sie&-r 
s. 3fcrH&sgB2 3 3Ttt, wmmm25ik3V- 

©W«f«2 4 5tSt>tfc, r>(^F7<?3 1~3 

4 ©rt©iE*& 3 ^©t^ x^A^ex-^s^a*. 

X'<7H7'f^3 5fc»LT. ttTCtfcx-^S^ji 

[0 0 8 0] K±©^9*ffi09Ttt. 1#©t^X*F 
^-f^aWKH/T*. •5-©5 i -<X^H7'fy©#Ea«5S 

so ms^rfc-ffcaawi^x^aiBsaa^MS&L. 
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(12) 



6-250795 
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[01] ^^©^ffiWfcA^STVX^W^Xx 
A©#lj£0-ei&S. 

[02] *f8w©m*Mfl©5Vx#7w>'X7\k 

©fl|j£0T!;&*. 

[03] ne-fliao^n-^v-M?**. 

[04] XarS? a .-;VJSaffl7a-g i ^-hT?»5. 

[05] ¥^Ata*s*?m*. 3tr-a&, svx* 

«IBRtW©Wf80T&.&. 
[06] 3t-jgatx^X^«IBI^IW<OPI«0^» 
S. 

[07] 7VX£«IB&a©->-^>X©7D-0-Cfc 
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